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AIR COMPRESSOR FOR VACUUM SERVICE. 


AIR COMPRESSORS AS VACUUM PU MPS 


BY FRANK RICHARDS. 


There are now in established employment in 


various lines of manufacture automatic and 
other machines which require a considerable 
vacuum for their operation. There is also ex- 
tensive use of high vacua in distillation and 
evaporation processes, such as occur in the 
manufacture of sugar, glucose, malt extracts, 
glue, etc., so that there is an established and 
permanent demand for machines of large ca- 
pacity for the removal of air at pressures far 
below the normal atmospheric. 


Vacuum pumps have generally been regard- 


ed as more or less, special machines, ‘and also 
they have usually been of capacities much be- 
low the modern demands here spoken of. The 
operation of producing vacua by mechanical 
means is strictly an act of air compression, 
and it should be legitimate employment for 
the standard air compressor. 

Until we come to a perfect vacuum, which 
is not at all contemplated in the present arti- 
cle, the actual so-called vacuum with which we 
are more familiar is simply air at a reduced or 
attenuated pressure, and we have only to re- 
move some more of this low pressure air and 
to expel and deliver it at the actual pressure of 
the surrounding atmosphere. 








COMPRESSED AIR MAGAZINE. 




















A G AE B 
y 
Wy / | 
g | | 
4 S| 1 | 
y / | i | 
g / 
Q / | || 
ty / | | 
S / | 
N J | 
8 
% / | / 
q ae | | 

IS ‘a { 

S Z VFO 
FIG, I. CLEARANCE IN AIR COMPRESSION. 


In practice, however, if we take an ordinary 
air compressor for this work we soon find that 
there are some details of construction and op- 
eration which are imperative for such service, 
but which are quite negligible for normal at- 
mospheric intake and high pressure delivery. 

In the mechanical compression of air, wheth- 
er the air have a pressure measured by a col- 
umn of mercury 30 in. high, ordinary sea lev- 
el atmospheric pressure, or by only 1 in. of 
mercury, which latter may be said to be near 
the limit of practical mechanical air pumping in 
large volume and at a speed not unprofitable; 
in either case the cylinder can only be filled 
by some surplus of pressure outside the cylin- 
der to force the air in to follow the piston, so 
that it is absolutely impossible to produce a 
perfect vacuum in this way. 

It is evident that if the air while being driv- 
en in by the air behind it to fill the cylinder, 
has also in the act of entering the cylinder 
some work to do, such as overcoming the in- 
erita of a poppet valve to open it and the 
opposition of the spring which normally holds 
the valve in the closed position, this also must 
interfere very much with any possible approach 
to a perfect vacuum. If instead of poppet 
valves, to be opened by the pressure of the en- 
tering air, there is a mechanically moved inlet 
valve which is opened at the beginning of the 
intake and held wide open for practically the 
whole stroke, this must materially reduce the 
requirement of pressure excess outside the 
compressor, and make a more attenuated vac- 
uum possible. It is a fortunate thing that there 
is a type of compressor equipped with intake 
valves—Corliss valves—which satisfy the con- 
ditions above indicated, and it is a natural 
consequence that these compressors—as will 


appear later—give highly satisfactory results 
in vacuum pumping. 

The second essential condition required for 
successful vacuum pumping by an air com- 
pressor is that cylinder clearance shall be as 
small as possible. In operation it is necessary 
not only that the air shall be taken into the 
cylinder for compression but also that as much 
of it as possible shall be expelled after the 
compression. Some clearance seems to be ab- 
solutely unavoidable, but the air remaining in 
the clearance space re-expands upon the re- 
turn stroke, and the new air taken in for the 
next stroke is only the difference between the 
volumn occupied by this re-expanded air and 
the volumn which would constitute a whole 
cylinderful. 

The different effect of cylinder clearance 
when taking in atmospheric air or when pump- 
ing from a high vacuum should be clearly un- 
derstood by comparing Figs. 1 and 2. In Fig. 
1 the area ABDC represents the entire volumn 
of an air cylinder, including the clearance 
EBDF, this clearance being 5 per cent of the 
entire volume. The compression is assumed to 
be from atmospheric pressure, 15 lbs. per sq. 
in., absolute, to a pressure of 2 atmospheres, 
30 lb. absolute, or 15 lb. gage. GC is the adia- 
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batic compression line, GBDI will be the vol- 
ume after compression and GEFI will be, the 
volume delivered, leaving the volume EBDF 
in the clearance space. Upon the return of 
the piston, EJ will be the re-expansion line, 
and the volume of fresh air to be taken in 
for the next stroke will be AKJC, or more 
than 90 per cent.—it is not necessary to fig- 
ure minutely—of the full capacity. 

In Fig. 2 the cylinder volume and the clear- 
ance are the same as before, but the compres- 
sion on line G is from an absolute pressure of 
1 Ib. to atmospheric pressure, or 15 lb. abso- 
lute. Here EJ will be the line of adiabatic 
re-expansion for the air in the clearance space 
and the area AKJC, 65 per cent. of the whole 
volume, ‘all which can possibly be got into the 
cylinder for the next stroke. In practice the 
actual showing would not be as good as this 
in consequence of the inertia and friction of 
the air, but the effect of the clearance is suffi- 
ciently suggested. 

It should, be scarcely worth while to call at- 
tention to the necessity of having tight valves, 
inlet and discharge, in a compressor for this 
service. Also it is to be noted that when work- 
ing to a high vacuum the ratio of compression is 
very high, approaching an infinite value as the 
vacuum produced comes near to the local bar- 
ometer reading, which large ratio results in 
high temperatures and in order to attain a 
reasonable compression efficiency, as well as 
to secure proper lubrication, the cylinder of an 
air compressor for vacuum pumping should be 
thoroughly water jacketed. 

Following this setting forth of the qompres- 
sor requirements for high vacuum pumping I 
take pleasure in presenting an interesting ser- 
ies of indicator cards from a compressor in 
actual service upon a business basis, which 
cards mostly tell their own story. 

The compressor from which these cards were 
taken is in constant service at the plant of the 
Diamond Alkali Company, Fair Port Harbor, 
Ohio. It is an Imperial Type 10 compressor 
of the Ingersoll-Rand Company. The machine 
is of standard duplex construction except that 
the vacuum cylinders are of abnormally large 
diameter, 27 in., and the steam cylinders 14 
in., with a common stroke of 20 in. It is used 
exclusively for vacuum pumping and from 
actual test is capable of maintaining, when ex- 
hausting a large receiver, a vacuum within 
0.9 in. of barometer. If the intake had been 
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blanked off short at the compressor the vac- 
uum produced would have exceeded this, as 
minute, undiscoverable leaks are almost un- 
avoidable. This very complete series of cards 
is valuable as showing the work under differ- 
ent conditions, and especially the influence of 
the clearance when high vacua are reached. The 
curve sheets I, 2 and 3 give a comprehensive 
idea of the general performance of the com- 
pressor at all possible intake and discharge 
conditions. 

A still more interesting installation is that 
at the plant of the Thatcher Manufacturing 
Company, Elmira, N. Y. This is an Imperial 
Type 10, short belt drive compressor, having 
duplex air cylinders 18 in. diameter, 14 in. 
stroke, operating at 185 r.p.m. One cylinder 
takes in free air and delivers it to a receiver at 
about 20 Ib. gage; the other cylinder being 
used as a vacuum pump, exhausting a receiver 
to about I9 in. vacuum and discharging to the 
atmosphere. This combination of compressor 
and vacuum pump has numerous advantages 
over the customary dual machine installation 
in cases where an air pressure as well as a 
vacuum is wanted. This combination com- 
pressor and vacuum pump is used for operat- 
ing three Owens Bottle Making Machines, the 
vacuum produced being used to draw the glass 
into the molds, the pressure then blowing the 
bottles. 

For all the material embodied in this article, 
and more which space forbade, I am indebted 
to Mr. A. W. Deyo, Painted Post, N. Y.— 
Practical Engineer. 





The patent suit brought against the B. F. 
Sturtevant Company, Boston, Mass., by the 
Sirocco Engineering Company, which has been 
in the courts for the past six years, has just 
been decided by the United States Circuit 
Court of Appeals for the second circuit, in 
favor of the Sturtevant Company. It was 
claimed that the Sturtevant Multivane fan in- 
fringed the Sirocco Company’s patents, and in 
the lower court this claim was sustained. The 
Court of Appeals, however, reversed the form- 
er decision and held that there was no in- 
fringement. This court further decided that 
the Sirocco patents in suit were void in view 
of the development of the fan-building art 
prior to the alleged inventions upon which 
those patents were based. 
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MINE SHAFT SINKING IN TOUGH, HARD 
ROCK 

The following relating to hard rock shaft 
sinking in the Ducktown, Tennessee, copper 
basin is from a paper of Wm. Y. Westervelt 
before the American Association for the Ad- 
vancement of Science. 

No water difficulties being encountered, 
sinking would have presented no peculiar 
problems had it not been for the fact that the 
rocks of the district (the ancient graywackes 
and mica schists of probable Cambrian age) 
were so extremely hard and tough that shaft 
sinking in them could ordinarily be carried on 
only at a very slow rate of progress, while the 
necessity for rapid exploitation of the newly 
discovered ore made imperative the comple- 
tion of the shaft at the earliest possible mo- 
ment. The difficulty with the rocks was not 
only their extreme hardness due to silicification 
and pressure, so that holes could be drilled in 
them but slowly, but that they were equally 
tough and resistant to blasting because of 
micaceous and _ horn-blendic crystallization. 
The result was that an excessive number of 
but slowly drillable holes were required to 
effect even a moderate cut and an average rate 
of progress of 25-ft. per month of actual sink- 
ing time was until recently all that could be 
counted upon. 


WORKING FROM FIVE LEVELS. 

Fortunately five levels, the lowest some 606 
ft. beneath the surface, were accessible in the 
main mine so that by drifting out to the shaft 
location at each of these levels it was possible 
to upraise on the line of the shaft at five. un- 
derground points at the same time that the 
sinking from the surface was progressing. By 
this expedient the shaft was actually com- 
pleted and in operation to the seventh level, 
a depth of 629 ft. beneath the shaft collar, in 
the 13 months’ time between September, 1900, 
and October, 1910—a monthly average of over 
40 ft. all inclusive. 

No workings existing below the seventh 
level, further sinking had to be confined to 
work in the bottom of the shaft. Conse- 
quently, though every facility then availabie 
was employed, the 13 months between October, 
1910, and November, 1911, were consumed in 
sinking the 216 ft. (from the bottom of the 
sump previously left 15 ft. deep below the 
seventh level, to the bottom of a sump made 
31 ft. below the ninth level) and in equippine 
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the shaft for operation to the lower level—a 
monthly average of less than 17 ft. 
CHANGE OF DRILLS. 

During the pa;t summer, sinking below the 
ninth level was resumed with much improved 
facilities. The principal improvement was the 
substitution of Jackhamer drills for the 3-in. 
reciprocating compressed-air drills previously 
used. Between Aug. 22 and Nov. 7 (when 
sinking was discontinued for station cutting 
at the tenth level), the shaft was sunk 120 ft., 
from a depth of 31 ft. to 151 ft. below the 
ninth level, or at a rate of nearly so ft. a 
month and about double the previous best 
record for progress during actual time of sink- 
ing. It is planned to continue the sinking of 
the shaft to a total depth of nearly 1,200 ft. 
beneath the surface, to break off an eleventh 
level 300 ft. beneath the ninth level and to 
leave some 40 ft. in the bottom for a sump 
in which sinking can be conveniently resumed 
whenever desired. The sinking, the breaking 
off of stations at the tenth and eleventh levels, 
the timbering and the installation of regular 
hoisting facilities to the eleventh level will all 
be completed, it is hoped, early in July, 1915. 
Should this be accomplished but eleven months 
will have been required to sink and equip over 
300 ft. of shaft and a rate of nearly 30 ft. per 
month, as compared with the previous 17 ft. 
per month, all inclusive, will have been at- 
tained. 

The sinking and reaming from the surface 
to the ninth level was done with four 3-in. 
reciprocating compressed-air drills mounted 
on two shaft bars. These machines were 
used to drill holes from 5 to 7 ft. deep and 
made about 5-ft. advance per cut. The present 
sinking below the ninth level is being done by 
six Jackhamers drilling holes from 2 to 4 ft. 
deep and making about 2-ft. advance per cut. 
The principal advantage in the use of the 
Tackhamers, as already indicated, is the much 
greater speed attainable. Minor advantages 
however are found in a much smoother finish- 
ed and more easily aligned shaft, and in less 
violent blasts which occasion correspondingly 
less damage to the timber of the overhead 
protecting pentice and leave the shaft walls 
more solid. 

The first 8 ft. below the shaft collar was 
tilled ground. The next 63 ft. was reaming 
work about a small prospect shaft. The next 


og ft. was unassisted sinking largely in hard 
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tock. Reaming about upraises then carried 
the work down to the seventh level. The re- 
maining 200 ft. from the seventh to the ninth 
level was unassisted sinking, as is the sink- 
ing now in progress from the ninth to the 
eleventh level. ; 

lor the determination of the location of the 
upraises from the various levels, a traverse 
over 2,000 ft. long from the shaft collar into 
the old mine and out to the shaft at each 
level was required. In order to avoid the pos- 
sibility of any serious error in so vital a mat- 
ter, seven complete traverses were made and 
checked with each other to within a few inches. 
The upraises on the center line of the shaft 
were made about 5 ft. in diameter so that 
several feet of error in location might have 
been made and the upraise still have been 
contained within the 7x14 ft. area of the shaft's 
cross section. As the contour of the surface 
made it advisable to elevate the shaft collar 
8 ft. above the natural level, the ordinary mine 
timbering in the near surface soft ground was 
continued up above the surface for some 20-ft. 
and made to serve as a head frame to support 
the sinking hoist sheave. The latter was a 
Bacon winze hoist operated by compressed air 
and served to hoist to the surface the rock 
excavated down the first 170-ft. Below this 
depth the first upraise delivered the rock to 
the level beneath and so out through the old 
mine. This sinking hoist also handled all 
supplies for timbering down to the seventh 
level. 


Frame timbering of 12x14 in. sets covered 
by 2-in. lagging was used only to the solid 
rock 84-ft. beneath the shaft collar. In the 
solid rock 8x1o in. dividing timbers, set in 
hitches and dividing the shaft into two hoist 
and men and pipeway compartments, were all 
that was required in addition to the usual 
complement of cage guides, manway plat- 
forms, battice between hoist and manway 
<ompartments, ladders, etc. 

All work has been carried on in two shifts 
per diem of 9% hours each. During the sink- 
ing from the surface to the seventh level a 
hoister and a lander were kept on top and 
eight men on the sinking or reaming work in 
the bottom. The upraises were made with 
two telescope feed-hammer drills in each up- 
faise, operated by two men and a steel boy 
per shift, and the usual complement of tram- 
gers to remove the broken rock. 

The sinking from the seventh to the ninth 
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level was done from the seventh level by the 
use of a hoist placed at the latter. The 1,000- 
lb. capacity steel buckets were dumped into a 
chute (after closing a trap over the hoistway 
beneath) and thence directly into the tram 
cars which were themselves discharged into 
the regular skips which hoisted to the surface. 
The men working in the bottom of the shaft 
were protected from the fall of either a main 
hoisting skip or a part of its contents, by a 
pentice placed across the shaft under the two 
hoistways. This pentice consisted of closely 
set 1I2x14-in. timbers hitched into the rock, 
covered by 4-in. lagging and loaded from 12 
to 15 ft. deep with waste rock. Similar ar- 
rangements are now installed at the ninth level 
in connection with the sinking to the eleventh 
level and in order to avoid any interference 
with the regular tramming at and the hoisting 
from the ninth level, the hoistway and chute 
for the sinking work is confined to the manway 
compartment of the shaft. 

The entire shaft work has been in the im- 
mediate charge of our Mine Captain A. Ben- 
nett while the surveys were made and the de- 
tails of the engineering features were worked 
out by Resident Engineer J. H. Taylor. 

The determination of costs per unit on the 
sinking work now in progress below the ninth 
level awaits the completion of this work but 
it is evident from the weekly reports that a 
marked reduction in cost as well as in time 
is now being made as compared to the sink- 
ing between the seventh and ninth levels. Costs 
down to the ninth level are submitted below. 
They include all outlay up to and including 
that for mine captain and resident engineer 
whose salaries were included in proportion to 


GORDON SHAFT COSTS—FIRST 860 FT. OF 
DEPTH. 


Preparation of ground and 
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the amount of their time required on the 
shaft work. The working is known as the 
Gordon Shaft after the chairman and tech- 
nical managing director of the company. 





THE HYDRAULIC MINING CARTRIDGE 

One of the most important of all the em- 
ployments of compressed air is the driving ot 
rock drills for mining and other rock rend- 
ing purposes, so that incidentally we cannot 
fail to be interested in the explosives which 
are generally employed to complete the work 
of the drills. There is no reason, therefore, 
why we should not be equally interested in 
any substitutes for the high explosives, so 
far as they can demonstrate their practical 
efficiency. We accordingly take pleasure in 
presenting an account of a hydraulic mining 
cartridge which is said to be actually accomp- 
lishing results of value where it is being appli- 
ed. What follows is chiefly an abstract of a 
paper by James Tonge in the Journal of the 
British Society of Engineers. 

In the introductory portion of the pape 
some of the objectionable features of the high 
explosives are referred to, especially the diffi- 
culty of definitely controlling and directing 
the effects produced. It is for the purpose of 
avoiding these drawbacks and in order especial- 
ly to take greater advantage of natural lines 
of cleavage or of bedding in the material to 
be dislodged that efforts have from time to 
time been made to provide what may be term- 
ed more rational or scientific means in the 
shape of mechanical substitutes for blasting. 

The simplest form of mechanical means for 
breaking ground is, of course, the wedge, and 
this is used in varying lengths and shapes, in 
metalliferous and in coal mining, in all parts 
of the world. Various improvements on the 
simple wedge have been used at various times, 
viz., the stub and feather and the multiple 
wedge. The former consists of a steel “stub” 
or wedge driven in between two tapered lines 
of steel called “feathers” which have their thin 
end near the front of the hole. The multiple 
wedge is placed in a hole previously drilled 
and has liners also, but a pair of “feathers” 
may be inserted between them, driven up as 
far as possible, and then a second or a third 
“feather” may be used until the rock or coal 
is broken down. In coal mines, special efforts 
have been made to devise mechanical wedges 
capable of breaking down coal, and these have 
been used to a greater or less extent in a few 
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FIG, I. HYDRAULIC CARTRIDGE APPARATUS. 
mines. In some of these the wedge was driven 
in by means ot a screw and handle, like a 
hand drilling machine, and in one case by 
hydraulic power. 

These machines are not now in use and it 
may be taken that they have proved to be im- 
practicable. This is no doubt due to the great 
pressure put upon them, even under favorable 
conditions, and the difficulty of devising and 
supplying a hydraulic pump capable of work- 
ing at high pressure for a considerable time. 









































It must also be remembered that a mechanical 
wedge must perform more work than that re- 
quired to wrest the rock or coal from its 
position, as a certain amount of power is con- 
sumed in overcoming the friction of the sides 
of the wedge as it is driven up. Again, it is 
a disadvantage to have the material at the 
front of the hole breaking away as the wedge 
enters—the full weight of the falling material 
should, if possible, be utilized to assist the 
operation. With this object in view, machines 
have been designed to operate at the back of 
the hole first, the wedge being drawn outwards 
and not driven from the front. Except in the 
case of the simpler forms it may be said that 
no mechanical wedges are now being used with 
success for excavating purposes of any kind. 
THE HYDRAULIC MINING CARTRIDGE. 

The hydraulic mining cartridge (which in- 
cidentally calls for an extension of the diction- 
ary definition) differs from all other me- 
chanical substitutes for blasting. It is not 
worked on the principle of the wedge, and con- 
sequently the power expended in forcing a 
wedge into the hole is saved. Instead of em- 
ploying, a wedge, the disrupting effect is ob- 
tained by means of a number of small rams 
or presses working at right angles from a 
strong cylinder of steel. (Fig. 1.) In order to 
make these rams more effective in their opera- 
tion, by obtaining a greater travel from their 
original position, they are made of a duplex 
or telescopic form, one part sliding and fitting 
upon the other (sec. A). 
these pistons operate from 
cylinder alternately, thus 
the travel. To retain the rams in position, a 
sliding plate is used fitting in grooves in the 
barrel (b Fig. 1); this is so formed and se- 
cured that it is perfectly rigid and firm when 
the machine is in operation, but is readily re- 
movable if it is desired to detach or replace 
any of the rams. 


In some cartridges: 
sach side of the 


greatly increasing 


By a suitable arrangement 


of passages (c Fig. 1) a communication is 
made between each of the rams, whereby 
simultaneous action is obtained. Machines 


are made of various diamete.s, viz., 2% inches, 
3% inches, and 4 and of various 
lengths, say with 8, 6 or 5 rams, the smaller 
diameters having the larger number of rams. 
Pressures of 3, 4 or 5 tons per square inch 
are usual, so that machines are made to with- 
stand great stresses. 

The cartridge is operated by means of a 
pump (Fig. 1) to which it is directly con- 


inches, 
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nected by a pipe (d). 
design. 


The pump is of special 
At the commencement of the supply 
of water it is desirable that the latter should 
be supplied in such quantities as to fill up 
quickly all the spaces within the rams and 
passages, while at the same time allowing the 
operator, when the rams begin to move and 
the pressure to increase, to supply a less quan- 
tity of water, but at a greater pressure, to com- 
plete the final operation of the rams. This is 
done by having the piston (e) operated by the 
piston rod (f) which passes through a sup- 
plementary or hollow rod (g) and has an ap- 
propriate handle for operating the piston with- 
in the pump cylinder. By means the 
piston may be quickly reciprocated by the user 
moving the small handle until the desired 
quantity of water has been supplied or until 
the pressure to be exerted over the rod (f) 
is beyond the power of the user, when the sup- 
plementary rod (g) may be brought into use 
to iinish the operation, this advancing by 
screw motion, and great pressure being ob- 
tainable in this way. 
METHOD OF OPERATING. 

After the rock or coal has been prepared 
with one or more loose sides and the drill hole 
of 3 inches, 3'4 inches, or 4% inches, has 
been drilled to a suitable depth (say three 
or more feet), the cartridge is pushed in with 
liners if The water tank is filled 
and hung on the pipe, the rubber suction pipe 
coupled, and the taps turned. The small 
handle and then the large one are operated 
as already described. 


these 


necessary. 


The pressure being ful- 
ly on, the enormous power of the apparatus 
apparent, for the rock or 
heard to be rumbling and cracking. 


is soon coal is 
This ‘is 
allowed to continue until the breaks are of such 
a size that the mass can be pushed or pulled 
over and usually is in such condition as to be 
easily and safely handled. 

It is easy to understand that when a shot 
is fired in rock or concrete, the direction of 
the breakage will be chiefly in the line of the 
weakest part. If the material is of uniform 
strength this direction would be a straight line 
from the explosive to the nearest unsupported 
edge. But stratified beds, seams of coal, and 
walls of stone or brick, are not usually of 
uniform strength; rock and coal beds con- 
tain breaks, cleats, and faces, while concrete 
beds are invariably irregular in constitution 
It follows, therefore, that the 
line of least resistance is not necessarily the 


or structure. 












shortest line from the charge to the surface. 
The difficulty and danger of explosive firing 
is that whatever this line may be, it is not 
often possible to make use of it; the pressure 
generated, though not equally effective, is 
equally applied in all directions owing to the 
instantaneous character of the decomposition. 
This involves high temperature in the ex- 


FIG, 2. PLACING A CARTRIDGE, 


plosive gases, a large portion of the heat being 
absorbed and wasted in the portions which are 
not capable of being blown down. When me- 
chanical means are employed the time involved 
in the operation allows the whole of the power 
to be exerted and applied in the desired direc- 
tion without waste of heat energy. Not only 
is power lost in heat energy in the case of ex- 
plosive compounds, but the result often proves 
that there has been counter action whereby 
the rock displacement is reduced through one 
line of force operating against another, clos- 
ing in or reducing the area of broken ground. 

In practice it is found possible so to arrange 
the hydraulic cartridge holes as to enable 
much greater areas of material to be moved 
than could be done with a safe quantity of ex- 
plosive, while in some cases the displacement 
has been greatly extended by the use of small- 
sized bore holes toward which the ‘slowly de- 
veloping line of least resistance can assert it- 
self. In other words the power exerted by the 
rams can be controlled, after a little experi- 
ence, so that the full pressure can be usefully 
applied. 

; USE IN MINES. 

The appliance was originally introduced into 
mines in order to supply the acknowledged 
need of a different method for bringing down 
coal in mines in the best possible condition 
after it had been undercut by hand or machine. 
The use of high explosives for this purpose, 
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apart from the element of danger, has always 
been considered undesirable by mining experts, 
because in using them coal is shattered and 
wasted and dust made. Now that coal has to 
be won from greater depth than formerly, and 
the distances and areas underground increase, 
the dangers and extent of explosion have 
proportionately increased, as many recent col- 
liery disasters have shown. The mines in 
which the cartridge has been chiefly adopted 
nay be divided into two classes: 

(a) Where the coal is so friable as to ren- 
ler the use of explosives impossible for com- 
mercial reasons. 

(b) Where the condition of the mines in 
-egard to gas, etc., renders shot firing an ex- 
-ecdingly dangerous proceeding. 

Of course the question of cost enters very 
argely into the matter. As is usually the 
‘ase when a new appliance is introduced, its 
jualities are quickly estimated from the effects 
upon the working expenses. At a later stage 
it will be seen that its effect upon the work- 
ing cost is slight, while its general advan- 
tageous effect upon the selling price of the 
coal is quite striking. During the past ten 
years the appliance has been employed in 
mines in Great Britain, the United States, 
Russia, Japan, Germany and Austria. 

In removing coal a series of holes is drilled 
in the top of the seam, adjoitfing and running 





FIG. 3. EFFECT OF CARTRIDGE. 

parallel with the roof. These holes are at 
intervals determined by working conditions, 
usually from 6 feet to 10 feet apart and from 
3 feet to 5 feet deep. The operator begins 
at the first hole and pumps off each in suc- 
cession, usually leaving the supporting sprags 
to be removed by the collier, who fills the 
coal thus broken and prepares the coal behind 
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for a repetition of this process. One operator 
can pump from 30 to 40 shots per working 
shift of eight hours, using only one machine, 
which lasts with repairs from three to four 
years. This procedure is adopted where a 
large wall of coal has been opened out, and 
where the coal is got in pillars and headings 
the process is somewhat modified. The coal 
across the face of the heading is undercut 
(almost universally now by a percussive ma- 
chine operating from a fixed standard) and a 
vertical slot or “shearing” is cut up the center 
of the coal, thus providing a loose end. One 
hole on each side of the “shear” is then 
sufficient to bring down the coal. The holes 
are placed as near as practicable to the fast 
side in order to bring the coal down as near 
the “fast-corner” as possible. (Figs. 2 and 
3 show the cartridge in use in mines). 

Among the mines in which these machines 
are at present in use are the following: 

Colliery No. 1.—At this colliery an average 
of over 1,000 explosive shots per week were 
formerly fired in coal in the various mines. 
By the introduction of the hydraulic cartridge 
the whole of the explosive shots have been 
discarded and there is not now a single shot in 
coal in any seam. In one seam alone a total 
of 28,500 hydraulic cartridge thrusts were 
made in one year, by which it is estimated that 
92,626 tons of coal were produced, or about 
3% tons per thrust. The seam was 3 feet 
thick and four cartridges were in daily use. 

Colliery No. 2.—In a seam using five hy- 
draulic cartridges 450 tons of coal are pro- 
duced per day, of which 75 per cent. is large 
coal and 25 per cent. small. When the coal in 
this seam was brought down by explosives the 
percentage of large coal was 65 per cent. and 
the percentage of small 35 per cent. The 
average price of large coal was 13s., and of 
small coal 7s. per ton. The profit obtained 
by the use of the cartridges on this seam on 
450 tons is therefore £14 5s. per day. Fifteen 
machines are employed at this colliery, making 
a total advantage over explosives of £42 15s. 
per day. Moreover, an extra 6d. per ton is 
obtained for the coal brought down with hy- 
draulic cartridges,-on account of its greater 
hardness and freedom from dust. 

UNDER WATER. 

The appliance has been used in many cases 
under water, chiefly to remove rock, either 
from the sides of canals, or from the sides of 
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Plan. 


FIG. 4. SUBMARINE WORK. 


harbors and docks, where it was obviously im- 
possible to use explosives, the machine being 
operated from the bank or from pontoons. A 
typical case will serve to illustrate the suita- 
bility of the cartridge for this class of work. 
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The rock to be removed was partly projecting 
from the side of the canal, and it was neces- 
sary not only to remove the mass in the wa- 
ter, but also that upon the bank, as shown 
in Fig. 4. 

The rock was New Red Sandsone and the 
depth to the bottom of the canal 18 feet. It 
was decided to remove the mass the full depth 
at one operation. A series of holes was accord- 
ingly drilled 6 feet apart, 2 feet 4 inches back 
from the edge, and 18 feet deep. These were 
pumped off in succession and the operation of 
the cartridge at this depth sufficed to break 
the rock right up to the bank in nearly every 
case. In one or two holes it was found neces- 
sary after operating in the bottom half to 
draw the machine up about 9 feet and operate 
again. During the operation divers were below 
water ascertaining the position and extent of 
the breaks and directing the operator above 
as to how to continue the thrusts. The portion 
shaded (Fig. 4) was removed by hand, and 
another series of holes was put down Io feet 
deep, 6 feet apart, and 2 feet 4 inches from 
the edge, to break up that portion of the rock 
to be removed. 


In the Alexandra Docks at Newport, and in 
the new dock at Swansea, the appliance has 
been used to break up ledges of rock occur- 
ring in the vicinity of walls which would have 
been damaged by the use of explosives. The 
holes were put in and the cartridges inserted 
under water by divers and pressure was ap- 
plied from the pump placed on a raft on the 
water. ° 


Hydraulic machines have been used for some 
years at the Dover Harbor Works for the 
purpose of detaching the large concrete blocks 
used in the harbor walls. These blocks are 
of great size and weight. By inserting the 
drill hole along the bottom of the block and 
placing the cartridge about half-way under it, 
the whole mass is slightly lifted and tilted with- 
out breaking, and being thus released from tts 
bed is easily lifted on to a wagon by a crane. 
Machines are being used for a similar purpose 
in other docks. 





Colorado Fuel & Iron Co. has appointed a 
welfare commissioner, whose duty will be to 
hear grievances and to act as intermediary 
between the company and its employees. 





THE JACKHAMER IN MICHIGAN COPPER 
MINES 


A “Jackhamer” drill with an improved 
mounting is being introduced in Michigan cop- 
per mines with considerable success. The 
Quincy about 2 or 3 years back mounted the 
Jackhamers in shells of their own construc- 
tion, and some of the other mines are using 
them in shells designed and furnished by the 
builders. The Jackhamer part can be very 
readily removed from the saddle, by unscrew- 
ing two bolts, and then can be employed for 
any of the uses of an ordinary unmounted 
Jackhamer, being especially handy if desired 
for block holing. The Jackhamer, besides 
being able to travel the usual distance ot 
23 ins. by means of the feed screw, can move 
an additional distance of 19% ins. by loosen- 
ing a clamp in the top of the cone and sliding 
the shell to the desired setting. This ad- 
ditional travel is advantageous where the char- 
acter of the ground is such that it will per- 
mit the use of long changes of steel. It also 
enables the use of only two steels for an 8-ft. 
hole, which makes some saving in time and 
a gain in convenience. 

As the Jackhamer may now be obtained with 
a water attachment, this mounting really com- 
bines all the advantages of the Jackhamer and 
the. “Baby Leyner,” a reduced form of the 
Leyner-Ingersoll weighing 90 lIbs., as it can 
be operated for all the uses of the latter. It 
weighs about 10 lbs. more (103 Ibs.) than the 
“Baby,” but there is some gain in stability. 
The drill detached is increased in weight § 
lbs. more than the usual form by the addition 
of the water attachment. It has been received 
with great favor at the Quincy by General 
Manager Lawton, on whose suggestion the 
“Baby Leyner” was designed, and is being 
tried out, apparently favorably, at some of the 
other mines. 

For over 30 years the two-man Ingersoll- 
Rand held the stage here, and as late as four 
years ago hardly any other drill was used. 
Then came the “Butterfly,” so named on ac- 
count of the butterfly valve, which is capable 
of extremely rapid action, thereby giving more 
speed in the drilling. The first of the single- 
man drills was brought in by Superintendent 
Ocha Potter, and was given a most successful 
test by him at the Superior. This was rapidly 
coming into general use when, as the result of 
tests of all drills on the market at No. 15 
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shaft on the Osceola amygdaloid, the Inger- 
soll-Rand Co., after conference with General 
Manager MacNaughton, purchased the Leyner 
patents, combined the hollow piston for the 
water and the hammer principle of the Leyner 
drill with the Butterfly valve and adopted the 
single-man size and weight, producing the ma- 
chine known as the Leyner-Ingersoll drill No. 
18. This type, weighing about 150 lbs., is 
used in about all of the mines in the district, 
except where some special pattern is demanded 
by the character or width of the lode. The 
“Butterflys” are disappearing as fast as they 
are worn out. The lighter types are preferred 
at the Quincy, the mounted Jackhamer, the 
“Baby Leyner,” and now the new mounted 
Jackhamer being used. There the pressure is 
go Ibs., instead of the usual 60 to 70 Ibs., which 
enables them to give a higher efficiency. For 
the conglomerate, the heavier form of the 
“Butterfly,” D-113, is found to be the best 
adopted by the Calumet & Hecla. On the 
Osceola amygdaloid, the Kearsarge, the Isle 
Royale, the several Hancocks, and Winona 
the Leyner-Ingersoll is found to best meet the 
requirements. The “Baby” is used to some 
extent at the Victoria and the Mass.—Min. 
and Eng. World. 





A CLERGYMAN INVENTOR 

There passed away, on January 28th, a well- 
known and interesting personality in the min- 
ing world in the person of the Rev. G. M. 
Capell, Rector of Passenham, Stony Stratford. 
He was born in Grosvenor-square, London, in 
1844, and was a son of the Hon. Adolphus 
Capell (brother of the fifth Earl of Essex) 
and the Hon. Mrs. Capell (eldest daughter 
of Viscount Maynard). He entered the Church 
and became Rector of Passenham in 1870, 
which position he retained until his death. 

Mr. Capell farmed his own land, and find- 
ing on one occasion his haystacks heating, 
applied artifical ventilation by means of a small 
hand-driven fan which he constructed in his 
own workshop attached to the rectory, and 
by which means he forced air through a pipe 
to the heated part of the stack, thus success- 
fully overcoming the evil. The construction 
of this little fan led him to build up a great 
development of ventilating fans, culminating 
in the construction of large fans for the venti- 
lation of coal and other mines and for other 
He took out many patents for the 


purposes. 
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protection of his inventions, which were a 
wide departure from the Guibal and other 
large fans previously in use for mine ventila- 
tion, the principal features being small diame- 
ter, high speed, curved vanes, and large ratio 
of inlet to body capacity, thus producing a 
high efficiency and low oil consumption, and 
owing to the rigidity of the structure a very 
low maintenance cost. The merits of the fan 
were first recognized by the Germans and 
Belgians, who have now a large number work- 
ing on some of their principal coal mines, 
where owing to the restricted airways in the 
thin seams of these countries the fans were 
designed to produce a very high water gauge, 
in some instances as high as 15 in. Some 
hundreds-have also been installed in England, 
France and America, some of which have been 
running for twenty-five years with great econ- 
omy. During the last few years of his life 
Mr. Capell devoted his attention to propellers 
for boats and aeroplanes. His genial manner 
and devotion to scientific matters made him 
very popular with mining engineers, colliery 
proprietors and others with whom he came in 
contact, not only in Great Britain, but on the 
Continent and America, where he was always 
welcomed by the principal mining engineers of 
those countries. His loss will not only be felt 
from the engineering point of view, but from 
the social standpoint throughout Europe and 
America, and the absence of his inventive 
genius at a time when the development of 
aeroplanes and waterplanes has reached so 
important a stage in military tactics will be @ 
loss to the nation—The Engineer, Pondon. 





COAL MINE MOVIES 

During the past year, the Bureau of Mines, 
under Charles Enzian, manager of the anthra- 
cite division, has been busy preparing views 
of anthracite operations, and as a result of 
Mr. Enzian’s work the Bureau now has about 
3,000 feet, or five reels, which it proposes to 
loan to mining companies that want to use 
them, for the small rental of five cents per 
foot for the pictures, and six cents per foot 
for the titles. 

The pictures were secured at the operations 
at some of the following coal companies: 
Kingston Coal Company, Scranton Coal Com- 
pany, Lehigh Valley Coal Company, Phila- 
delphia & Reading Coal & Iron Company, 
Susquehanna Coal Company, Lehigh Coal & 
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Navigation Company, Pennsylvania Coal Com- 
Company, Lehigh & Wilkesbarre Coal Com- 
pany, C. M. Dodson & Company, and others. 





COMBINED AIR COMPRESSOR AND VACUUM 
PUMP 


An unusual combination of air compressor 
and vacuum pump has recently been con- 
structed by Tilghman’s Patent Sand Blast 
Company, Limited, Broadheath, near Man- 
chester, for the purpose of pneumatic tube 
transmission at the Manchester Head Post- 
office. .A description and illustrations of this 
machine we here reproduce from The Engi- 
neer, London. Fig. 1 shows the machine ex- 
ternally, Fig. 2 is a sectional elevation and 








FIG, 


I. 


Fig: 3 is a reproduction of a pair of indicator 
cards from the vacuum cylinder and the com- 
pressor cylinder respectively. 

The machine is of the horizontal enclosed 
type and is driven by means of a belt and 
variable speed electric motor. The pressure 
cylinder is bolted direct to the enclosed crank 
chamber and the vacuum cylinder is placed 
behind the pressure cylinder, being secured to 
the back cover of the latter by means of a 
distance piece, which also provides for the 
true alignment of the cylinders. 

As the machine is designed for the relatively 
low pressures of 27 lb. per square inch ab- 
solute in the pressure mains and 7 Ib. per 
square inch absolute in the vacuum tubes, 
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Pressure Cylinder 13%' dia. 14' Stroke 
130 R.P.M. LH.P. 12°6 
FIG. 3. 

special attention has been devoted to secure 
a low air velocity through the ports and pas- 
sages in order to obtain a high overall effici- 
ency. Large water space is provided in the 
jackets of both the cylinder bodies and, covers, 
the latter being easy of accomplishment owing 
to the valves being placed in a separate cham- 
ber above the cylinders instead of in the cov- 
ers themselves. Incidentally, this arrange- 
ment greatly facilitates the inspection of the 
valves, which can be taken out in a few min- 
utes by simply removing the covers of the 
chambers. 

Both the inlet and delivery valves are of the 
automatic multiplate type, specially designed 
to give an easy and free passage for the air. 
Each valve consists of a series of perfectly 
plain thin steel discs working on a removable 
cast iron seating, a suitable guard plate being 
bolted to the seating to control the lift of the 
discs. The two plates next the valve seat are 
perfectly flat and the others are slightly buc- 
kled, forming a very simple and reliable spring. 
The valves work noiselessly—an important 
feature in machines situated in the basement 
of a building. The pressure cylinder is pro- 
vided with ‘an automatic control valve on the 
air inlet, by means of which compression ceases 
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when a pressure of 27 lb. has been reached. 
The vacuum cylinder is fitted with a somewhat 
similar valve, which comes into operation 
when the vacuum exceeds 7 Ib. These control 
valves are capable of easy adjustment for any 
pressures within 2 lb. above or below those 
mentioned. 

The cooling water is circulated through the 
cylinder jackets by means of a gear shown 
on top of the crank chamber. This pump has 
a capacity of 550 gallons per hour and is driv- 
en my means of chain gearing from the crank 
shaft. The lubrication of all the bearing sur- 
faces and motion work is provided by the 
splash of the connecting-rod end in the oil 
in the crank chamber. The crank shaft is a 
steel forging running in white metal bearings 
with an outer bearing to support the fly-wheel. 
The latter is 7 ft. diameter and 15 in. across 
the face. Power is furnished by a variable 
speed motor of 55 brake horse-power, the revo- 
lutions of the fly-wheel varying between 65 
and 130 per minute. 

The pressure cylinder is 13'%4-in. bore with a 
capacity of 250 cubic feet of free air per min- 
ute, and the vacuum cylinder is 23 in. diame- 
ter with a capacity 700 cubic feet, the length 
of stroke being 14 in. The following guaran- 
tees were, we understand, exceeded by a lib- 
eral margin:—Volumetric efficiency, 82 per 
cent. to 85 per cent.; indicated horse-power 
in cylinders, 37; horse-power at motor ter- 
minals, 49; mechanical efficiency, 75 per cent.; 
isothermal horse-power, 25.9; and overall effi- 
ciency, 53 per cent. It was stipulated that the 
temperature of the air delivered from the pres- 
sure cylinder was not to exceed 160 deg. Fah 
with an atmospheric temperature of 60 deg. 
Fah, 





Chemical analyses of starfishes, sea urchins, 
and crinoids, collected from all parts of the 
world, show that the skeletons of these animals 
contain much magnesia. The amount present 
is found by the United States Geological Sur- 
vey to vary with the temperature of the water 
in which the creatures lived. The percentage 
of magnesia is highest in those specimens that 
lived in tropical waters and lowest in forms 
from the icy seas of Greenland and the Ant- 
arctic, with a regular gradation between which 
even shows the local effect of cold ocean cur- 
rents upon life at the sea bottom. 
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FIG. 
AN ENGLISH PNEUMATIC JOLT RAMMER 


The accompanying illustrations, reproduced 
from The Engineer, London, show the essen- 
tial details and mode of operation of the 
“Taunton” pneumatic jarring molding ma- 
chine, built by Rudman, Lancey and Craven, 
Ltd., Taunton, England. 

The machine, intended to be operated by 
compressed air at 80 to 100 lb. gage, consists 
of a table on which a molding flask and pat- 
tern plate may be placed, of a frame support- 
ing this table but otherwise separate from it, 
of a jarring cylinder, and of power-operated 
lever arms intended to facilitate the lifting and 
turning of the flask and pattern plate when 
the ramming of the sand has been completed. 
The action, simply put, is as follows:—The 
table with the flask and plate in place is rais- 
ed by the frame a matter of 5 in. or so. It 
rests in this position, on a cushion of air, as 
it were, while sand is thrown into the flask. 
The jarring mechanism is then brought into 
play. This raises the table up a further dis- 
tance and releases it. The table falls down to 
meet the uprising frame, which being momen- 
tarily relieved of the weight of the table, is 
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I. FIG. 2. 


free to rise under the lifting force of the air 
cushion beneath it. The impact between the 
falling table and the rising frame constitutes 
the jar. This jarring action is repeated auto- 
matically until the sand is sufficiently compact. 
When this stage is reached the table is raised 
a farther distance by means of the frame. 
The lifting arms are swung over until their 
ends are beneath the trunnions on the flask. 
The. frame is then allowed to sink, taking the 
table with it, but leaving the flask suspended 
on the lifting arms. 


In Fig. 1 the table is indicated at A, the 
pattern plate at B, and the flask at C. At the 
centre the table carries on the underside a ram- 
like member D, which fits cylinderwise within 
the frame. The frame is built up of three 
parts, E, F, G. The top part is provided with 
wooden buffers H to take the impact blows 
referred to above. The part F works within 
a cylinder J fixed in the base-plate of the 
machine. The part G, like a tail rod to the 
piston F, works within a cylinder K attached 
to the cylinder J. Two vertical grooves are 
cut on the tail rod, a shorter one L and, a 
quarter round the circumference, a longer one 
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M. The engraving shows the frame in its 
highest position. When in its lowest position 
air is admitted from the pipe N up the groove 
L into the cylinder J. The frame, table, pat- 
tern plate, and flask are thus elevated abow 
5 in. until the groove L overshoots the pipe 
N. The air cushion referred to above is thus 
established in the cylinder J. 

The flask being filled with sand the jarring 
gear is brought into action. This gear con- 

















FIG. 3. 


sists of a valve arrangement P fixed to the 
side of the frame. This valve device auto- 
matically and rapidly secures the alternate 
admission and exhaust of air to and from the 
cylinder E beneath the ram D. During the ad- 
mission period the table is raised up, but as 
the pressure of air within the cylinder E is 
simply replacing the weight of the table, etc., 
the frame E F G does not move. As soon 
as exhaust from the cylinder E occurs, how- 
ever, the frame is no longer balanced, and is 
free to rise under the force of the air cushion 
within the cylinder J to meet the descending 
table as mentioned above. 

The action-of the jarring valve is inter- 
esting. It consists of two piston valves Q, 
R, of which one, R, is of the differential type 
—see the enlarged view, Fig. 2. To bring the 
jarring gear into action air is admitted from 
the pipe S to the underside of both valves. 
The two valve chambers, it must be explained, 
are in communication at their lower ends, 
presumably by a hole not shown in the engrav- 


ing. Both valves are thus forced up to the 
tops of their strokes, while the air also finds 
its way along the passage T to the underside 
of the ram D. The ram and the table are 
thereby carried up. Attached to the table there 
is a depending rod V which entering the jar- 
ring valve casing forms a stop for the valve 
Q. As the table and the rod V rise, therefore, 
this valve Q is free to follow up the motion 
under the action of the air beneath it. After 
a certain rise the valve uncovers a passage 
V leading into the chamber of the valve R 
near its upper end. Air is thus admitted to 
the top of the valve R and as the upper di- 
ameter of the valve is greater than the lower 
the valve is forced down to the bottom of its 
stroke. In this position it sets the passage 
T into communication with an exhaust port 
W. This brings about the fall of the table 
and, of course, of the rod U. The valve Q is 
thus forced down by the rod until a small 
port in it opens the port V to exhaust—the rod 
U, it will be noticed, has a good clearance in 
its hole in the valve casing cover. With the 


pressure on top of the valve R relieved in this 


manner the air from the pipe S is once more 
free to raise the valve to its highest position. 

















FIG, 4. 


The cycle is then repeated and will be kept 
up so long as the air supply to the pipe S is 
maintained. 

The sand having been sufficiently rammed, 
air is admitted from the pipe X, Fig. 1, up the 
groove M into the cylinder J. This brings 
about the farther rise of the frame and table 
referred to in our preliminary outline of the 
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action. If the pattern plate is suitable the four 
eccentric arms Y—see also Fig. 3—may be 
swung round until they come beneath the 
corners of the flask. Then by exhausting the 
air from the cylinder J through the pipe X 
the frame, table and pattern plate may be low- 
ered, leaving the flask, inverted, resting on the 
arms Y. It may, however, be desired to turn 
the flask over before the pattern plate is with- 
drawn. This is effected by sliding the power- 
operated lever arms, as shown in Fig. 3, along 
their fulcrum shaft until their ends engage 
the trunnions on the flask. The flask and the 
pattern plate may then be elevated by power, 
turned over and lowered again on to the table. 
The eccentric arms Y would be swung in to 
engage the corners of the pattern plate so 
that on exhausting the air from the cylinder 
J the flask would descend with the table, leav- 
ing the pattern plate behind. 

Owing to a certain leakage, whether by 
sign or not, the frame always rises until 
groove M slightly overshoots the end of the 
pipe X, which in practice gives a very de- 
sirable result, for on exhausting the air from 
the cylinder J the small overshot portion 
secures a period of very slow descent for the 
frame and table, followed by a rapid movement 
as soon as the overshot portion gives place to 
the groove M. It thus happens that the joint 
between the pattern and the metal is parted 
very gently. 

The interior of the tail piece, along with a 
piston Z working within the portion F of the 
frame, is made to constitute a dashpot, and 
air is allowed to leak into this through a tiny 
hole, which addition prevents the frame from 
bouncing on the cushion of air in the cylinder 
J while the mold is being rammed. Although 
the ramming of the sand is effected by a jar- 
ring action, the impact occurs in mid-air, and 
the floor is not shaken. Figs. 3 and 4 show 
a machine of this type handing flasks 2 ft. 4 
in. square and 14 in. deep and tveighing, with 
sand and pattern plate, about 800 Ib. 


de- 
the 





A VACUUM PAINT SPRAYER 

This so-called “vacuum” paint sprayer is not 
so much of a vacuum apparatus after all. It 
is connected by a light hose to the regular 
compressed air supply of the shop, and this 
air as it pases over certain holes in the 
horizontal pipe induces a vacuum in the tank 
and draws up the paint into the current of air. 
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VACUUM PAINT SPRAYER. 


The quantity of paint delivered is regulated by 
the valve shown, and a push valve controls the 
flow of air. No skill is required for operat- 
ing the device, ard the only requirement is to 
keep it clean and not allow it to be clogged 
up by the hardening of the paint when it is 
not in use. It is put on the market by the 
Gustin-Bacon Manufacturing Company, Kan- 
sas City, Missouri. 





A TYPICAL WATERWORKS AIR LIFT 


At the Madison, Wis., waterworks there are 
four wells; two, 8-in.; one 6-in. and one 5-in., 
all 750 ft. deep and cased to a depth of 150 ft. 
The static head is 30 ft. and the lift above the 
surface 12 ft. The wells were piped for air 
lift on the basis of 6o per cent. submergence, 
or 172.ft. The air compressor recently in- 
stalled for this Imperial two- 
stage, short belt, electric drive machine with 
air cylinders 19 and 12 in. dia. and 16 in. 
stroke, driven by a 150 H. P. Westinghouse 
220 volt, 3 phase, 60 cycle motor. The air 
receiver provided is 48 in. dia. and 8 ft. high. 

The yield from these wells is variable, pro- 
ducing all the way from 157 gallons for the 
5-inch well up to 768 gallons per minute for 
one of the 8-inch wells, the total production 
being 1,947 gallons per minute. 


service is an 


Harris 20th 
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Century Air Lift Pumps were used in all the 
wells, placed at varying depths from 255 to 
265 feet. The starting pressure varied from 
98 pounds to 102 pounds. An output of 2,- 
500,000 gallons per day was guaranteed, with 
an efficiency of 35 per cent. At the test the re- 
sults secured were as follows: Total gallons 
pumped 24 hours, 2,803,680; measurement over 
knife-edge weir and hook gauge; E. H. P. 
input to motor, 160.8; water H. P., allowing 
for friction in discharge line, 57.5; efficiency, 
E. H. P. input compared to work done, 35.6 
per cent.; K. W. used per hour, 120; gallons 
per hour, 116,820; cost per K. W., $0.01; cost 
per 1,000 gallons, $0.0102; cost per million 
gallons, $10.20. 
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A PNEUMATIC PLATE FLANGING CLAMP 

The half tone on this page shows a plate 
flanging clamp for boiler shops, taking plates 
12 ft. wide, built by the Niles-Bement-Pond 
Company, New York. Clamps of this general 
type have been built for a considerable time, 
but using the air pressure only for raising the 
beam, and doing the clamping by screws 
and hand wheels. In the present design there 
is a small piston in each standard below the 
beam for raising it and a large piston above 
for applying the necessary clamping pressure 
which will amount to 15 tons with an air sup- 
ply pressure of 80 lb. A single valve controls 
the entire upward and downward movement 
and clamping effect. The contact of the pis- 
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PNEUMATIC PLATE FLANGING CLAMP, 


SANITARY LAUNDRY PRACTICE 


‘uite a number of small “sanitary” laundries 
11 New York City advertise “open air drying.” 
in contrast with this a laundryman in Bur- 
lington, Iowa, advertises as follows: “A bal- 
oon ascension in your back yard would be 
our only means of drying your clothes away 
from the dust of the city streets and the 
deadly fly. Our hygienic dry-room contains 
hot, filtered, circulating air—no flies, no dust, 
o germs. The laws of health demand that 
ou either send up a baloon every wash day 
r send your family washing to Sickels New 
Method Laundry. 


tons with the beam ends is by circular arc 
surfaces which permit an equitable application 
of the clamping pressure if the plates clamped 
are not of uniform thickness. The clamp is 
built in several different sizes. The cost for 
operating this device is practically nothing for 
labor and not more than one cent for the air 
consumed for each clamping operation. 





For the year 1913 there were imported into 
the United States 1,502,795 gallons of peanut 
oil, and in 1914, 1,016,863 gallons. The 1913 
importations were valued at about 7oc per 
gallon. 

















- THE UNDERGROUND WORK HABIT 

“T’ve been working away underground for 
the last twenty years, and not in a mine 
either,” said one of the sub-bosses of the new 
subway under construction the other day. “I 
began away back on the original Hudson River 
tunnel. 

“T worked at that until the first subway 
contracts were let. That took me under ground 
again. When these lines were completed about 
eight or nine years ago I went to work in 
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of these restaurants where everything is ar- 
ranged to convey the idea of rest and comfort. 
I don’t feel at all like Germany—wanting a 
place in the sun. Downstairs, apart from the 
hurly-burly, burrowing to make connecting 
links for transit suits me.” 

A number of men who have spent years 
in underground work declare their health 
has been all that could be desired. Some 
have grown stouter at it and some are actually 
rosy cheeked. 








ALASKA UP 


Chicago on below the surface work until the 
new subway contracts had been let. Now I’m 
in full underground swing again. 

“I spend over eight hours every day with 
several feet of dirt over my head. I have not 
seen a ray of sunlight during working hours 
for years.. I don’t know that there is day 
between 8 a. m. and 5 p.m. I measure every- 
thing in my mind by darkness and night 
systems of measurements. 

“Things don’t seem right up on the earth’s 
surface. The sun’s too odd a thing to stay 
with long. It makes me blink too much. 
The shade and the darkness of the under- 
ground area seem much more adapted to my 
nerves and needs. The glaring light up- 
stairs is too brazen altogether. 

“Down where I work it gets you to feeling 
as the subdued lights impress you in some 








TO DATE, 


A HIGH CLASS COMPRESSOR IN ALASKA 

The photo on this page comes to us without 
much specific data, but it tells a clear story 
of its own. The scene is on Gold street, Tread- 
well, Alaska, and the fine team of ten horses 
is hauling a truck with a load of 18,000 pounds, 
one cylinder of an up-to-date air compressor. 
The technical designation of the machine is 
PRB2.> a two stage, Royler valve, electric 
driven compressor with all the improvements 
which make for efficiency, economy and re- 
liability for the service of the Alaska Tread- 
well Gold Mining Company. The scene pre- 
sents many details of interest as suggesting 
the refinements of civilization, enterprise and 
comfort close up to the Arctic Circle. At the 
extreme left is a fire hydrant and near it is 
a steel telephone pole. The number of tele- 


phone wires is worth noting. The buildings 
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on the left are apparently a church and then 
a schoolhouse, or vice versa; the building with 
the balconies may be a hotel, and so on. The 
inhabitants are conspicuous by their absence, 
but they may have been temporarily excluded 
for the sake of the picture. 


SUCCESS OF THE BOTTOM HEADING iN 
SNOQUALMIE TUNNEL 


Both the top-heading and the bottom-head- 
ing methods were used in driving the Sno- 
qualmie tunnel of the Chicago, Milwaukee & 
St. Paul Railway 4o mi. east of Seattle. The 
former method was used at the east end and 
the latter at the west. Although the top head- 
ing showed a slight advantage in average 
progress, the removal of the bench was more 
readily accomplished with the bottom heading. 

Werk on the tunnel began at Rockdale late 
in 1911, but was not pushed rapidly until after 
the very 1912-13. Since that 
time four 6-hr. shifts have been kept in each 
heading, and the total force at the tunnel has 
averaged more than 300 men. 


severe winter of 


Steady progress 

was made up to thé time headings met on Aug. 

4, 1914. 
The 


long, having one portal on the western slope 


tunnel is a single-track bore 11,902 ft. 


of the range at Rockdale and the other near 


Keechelus. The saving in’ distance will be 
about 3% miles, and 1,239 deg. of curvature 
will be eliminated. The tunnel is being built 
on an ascending eastbound grade of 0.4 per 
cent to a point 2,000 ft. west of the east end, 
wherce eastbound traffic will descend a 0.1 per 
cent. grade to the portal. 

All of the material encountered during the 
drivirg was rock, carying from soft to very 
hard; about 75 per cent. of it was a massive 
black slate and the remainder quartzite and 
conglomerate. At the west end the bottom- 
heading method was used, all of the material 
above the bottom heading, 8x13 ft. in section, 
being blasted and dropped to stoping timbers 
and thence into cars on the track below. At 
the east end a top center heading, 8x6 ft. in 
was driven first and muck was loaded 
into cars on the high-line tracks. At the west 
end gasoline motors and steam dinkies handled 
the muck in I-yd. and 1'%4-yd. cars, while at 


the east end electric motors and steam dinkies 


secticn, 


were used in the interior and exterior work- 


ings respectively. The engineers report that 
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the bottom-heading method proved much more 
satisfactory in many ways. The average prog- 
ress with the bottom-heading method was 9.5 
ft. per day as against Io ft. per day with the 
top-heading system; the bottom heading could 
not be driven faster than the top, but the re- 
moval of the bench was more readily accomp- 
lished. 

Each heading was drilled by four Ingersoll- 
Rand piston drills mounted on a cross bar, 
and from sixteen to twenty-five holes were 
From 2 to 8 lb. of 
€o-per cent. gelatine dynamite were used per 


placed for each round. 


round, according to the class of rock encount- 
ered, and all blasting was done with fuse and 
caps. Ventilating fans housed at the portals 
provided ventilation by drawing out powder 
fumes through a 20-in. galvanized-iron pipe 
that terminated at the end of the completed 
bench. In addition to this fresh air was forced 
into the heading through a Io-in. galvanized- 
iron pipe line, canvas hose being substituted 


for the 60 ft. next to the heading. As the dis- 


. tance between portal and heading was increas- 


ed, the pressure in the air lines was maintain- 
ed by adding motor-driven booster fans as re- 
quired. 

All of the work, with the exception of the 
2 miles of approach grading, has been done 
by company forces under the personal super- 
vision of J. I. E. O. Reeder, at 
Seattle, Wash., is assistant chief engineer, and 
C. F. Loweth, Chicago, is chief engineer of 
the Chicago, Milwaukee & St. Paul Railway.— 


Engineering Record, 


Horrocks. 





COAL ECONOMY IN CENTRAL STATIONS 


According to a committee of the Association 
of Edison Illuminating Companies, the aver- 
age consumption of fuel in all the central 
stations of New York City is at the rate of 3.3 
per kilowatt-hour (2.46 pounds per 
horse-power hour), inclusive of all standby 


pounds 
and other losses. The average consumption 
of fuel by isolated plants is at the rate of 
not less than 10 pounds of coal per kilowatt- 
hour (7.46 per horse-power hour), or three 
(the average rate of central station 
operation. It is claimed that, as compared 
with isolated plants, central station generation 
of electricity is conserving in New York City 
alone about 1,750,000 tons of fuel a year. 


times 
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DEATH OF EBENEZER HILL 
Ebenezer Hill, practically the founder and 
for so many years the engineering and _ busi- 
ness head of the Norwalk Iron Works, South 
Norwalk, Conn., died at his home, Danbury, 
Conn., afier an illness of several months, 66 
old. 


We regret exceedingly 


years ; 
that we have been 
unable, as vet, to procure the materials for a 
satisfactory obituary notice. We know that 
his schooling he was a graduate of 
University, B. A., 1870; M. A, 
His so-called professional record in the 
files of the American Society of Mechanical 
with 
1892, is 


as to 
Wesleyan 
IS8ol. 


applica- 
absurdly 
and 
He was man- 
ifestly so fully entitled to membership that it 


connection his 


membership in 


Engineers, in 
for 


sketchy, 


tion 
unsatisfactory, 
nothing can be learned from it. 


incomplete and 


was not at all necessary to scrutinize any writ- 
ten record. 

Mr. Hill was one of the pioneers in the de- 
veloping of the modern commercial air com- 
pressor. Besides the designing of his ma- 
chines he especially did excellent work in fa- 
miliarizing customers and the general public 
with the conditions observed 
His 


hobby, as it might have been called, was two- 


essential to be 
to secure economical air compression. 


stage compression for the ordinary working 
pressures used for driving rock drills and 
similar service. 

The early publications put 
similiarly those which have 


out by him, and 
successively fol- 
lowed them, in advocacy of compressors em- 
bodying this one principle of two stage com- 
pression, are among the most convincing in 
If they may be 
said to have been too convincing, in that they 
have insisted rather too much upon the losses 
acompanying single stage compression and have 


that class of publications. 


given an exaggerated impression as to the 
magnitude of the savings of power and oth- 
erwise in two stage compression, while they 
have had comparatively so much less to say 
about the much larger economics possible to 
be secured in the steam end of the compres- 
sors, it may well be argued that these latter 
were already, or should have been, sufficiently 
familiar to all well informed engineers. 
Nevertheless it is by such pushing as this 
that knowledge and practice are advanced. 
From full exparte arguments upon both sides, 
the advocates of either having said all that 





7578 


possibly can be said, the truth must surely 
be established. Certain it is that within the 
active life of Ebenezer Hill—and he would 
hardly be called an old man—there has been a 
wonderful advance in compressed air practice; 
in the compression, the conditioning, the trans- 
mission and the ultimate profitable employ- 
ment of the air, and Mr. Hill contributed sub- 
stantially to the acomplishment of the re- 
sult. 





NEW VOLUME REGULATOR FOR AIR COM- 
PRESSORS 


The paper with the above title by Raynor 
Wikander, presented at the December meeting 
of the American Society of Mechanical Engi- 
neers and printed in our issue for January, 
was the only paper dealing specifically with a 
compressed air problem. We present below 
the discussion which the paper elicited, from 
the Journal of the Society. 

W. L. Saunders, in a written discussion, 
stated that he regretted the author had given 
so little space to the system of clearance un- 
loaders or controllers, which the writer claim- 
ed to be not only extremely simple and inex- 
pensive, but had been demonstrated to be high- 
ly efficient. 

He stated the cardinal requirements for the 
successful operation of a regulator for high 
speed compressors operating at constant speed 
are: 

First, underload regulation must be obtained 
with such a degree of economy that the re- 
duction in power required will be practically 
in a direct proportion to the reduction in output 
capacity. 

Second, all mechanisms for regulating the 
compressor must be independent of the run- 
ning gear of the compressor, otherwise the 
timing of the regulator as the regulation varies 
is difficult to accomplish, and the delicate yet 
durable mechanism required, operating at the 
full speed of the compressor continuously, is 
extremely difficult to design and manufacture. 
The difficulty and cost of maintenance and the 
shut-downs requisite for repair have proved 
excessive when the regulating mechanism is 
part of or dependent upon the running gear 
of the compressor. 

Third, the regulator should be of such de- 
sign that, when the compressor is called upon 
for average operation at partial load capacity, 
it can be so adjusted by hand as to limit the 
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niaximum capacity, and thus permit the com- 
pressor to operate at a higher average capacity 
or higher load factor than would otherwise 
be possible. This is a valuable feature under 
conditions where electric power service is 
furnished under a special maximum demand 
charge. 

He stated that with the automatic clearance 
controller the inlet capacity of the compressor 
is reduced without reducing the intake pres- 
sure. On a two-stage compressor a constant 
ratio of compression throughout the entire load 
range, and the highest compression efficiency, 
is maintained throughout. The reduction in 
power secured with this method of control is 
practically in direct proportion to the reduction 
of load. The regulator is simple in construc- 
tion and entirely automatic in operation. 

On account of its under-load economy, the 
automatic clearance type is in his opinion of 
value in the majority of conditions of constant 
speed power-driven compressor service re- 
quiring under-load regulation. 

Joseph Esherick wrote congratulating the 
author upon his excellent paper and for his 
work in developing the Hall volume regulator. 

In regard to volume regulators, he said the 
author made no mention of the Richards Pres- 
sure Unloader. This unloader permits the 
compressor to run unloaded until the desired 
speed is obtained, when it loads the compressor 
automatically. The device is placed in the dis- 
charge line between the compressor and re- 
ceiver and is simple and inexpensive. It is 
used primarily on motor-driven compressors. 
Another type, called the Initial and Pressure 
Unloader, has been designed for continuous 
running steam and electric-driven compressors. 
This embodies means of adjustment for any 
degree of regulation, from two to fifteen 
pounds. 

Paul Diserlns wrote that the author’s objec- 
tion to the choking unloader were well taken 
as directed against its application by gradual 
throttling, but that this application was prac- 
tically obsolete. They were not well taken in 
the case of the total closure unloader, which 
is both safe and efficient when properly pro- 
tected by atmospheric relief valves. The only 
drawback to the total closure unloader is the 
sudden change from full load to no load it 
causes, but where this is not objectionable at 
the electrical end the device answers very 
perfectly. 

Theoretically the principle of varying the 














capacity of a compressor at constant speed by 
changing the clearance (clearance unloaders) 
is sound. The writer sees, however, the chief 
objection to the practical application of this 
principle for volume control in the obstruc- 
tion to free communication between cylinder 
and clearance chambers occasioned by the re- 
stricted valve openings, of necessity interposed 
between cylinder and valve pockets. 

The author’s comment on unloaders on com- 
pressors with positively moved valves implies 
that unloaders operating the suction valves 
are the best type, whereas one of the most 
widely used devices of this nature involves an 
auxiliary by-pass valve and connections. 

The volume regulator which is the subject 
of the paper appears to depend on the gradual 
increase, during the entire length of the com- 
pression stroke, of the cylinder pressure as 
compared with the suction passage pressure, 
but it does not seem clear why such gradual 
increase should occur. 


It would also appear that on compressors of 
medium and larger sizes, operating at the re- 
latively high speeds now generally employed, 
a multiplicity of valves equipped with by- 
passing control would be needed. This would 
appear to present some difficulty in synchron- 
izing their action. 

The application of the regulator described to 
a two-stage compressor necessitates the use 
of two independent governors, one to regulate 
the line pressure and the other the intercooler 
pressure. Though this does not constitute a 
serious objection, it implies a complication to 
which the author takes exception in other 
forms of volume control. 


James Tribe expressed his written opinion 
that the form of valve to which this regulator 
was shown applied might operate with fair 
success under low-speed conditions such as 
formerly obtained, but in modern compressors 
running at say 150 r.p.m. such a valve must 
have a very short life. Even the pressed steel 
cup valve, used for many years by the best 
builders on account of its lightness, was prov- 
ing too massive to withstand the shock incident 
to valve action with high speeds. 

John Glass contributed a written discussion 
in which he said the Hall regulator would not 
apply to a pipe line as to a tank, as it is not 
practical to carry a constant discharge pres- 
sure at the various compressing stations of 
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large gas-pumping plants. In such installa- 
tions, the gas pressure is partly regulated at 
the compressing plant closest to the point of 
consumption, but the other plants back on the 
line are run at constant speed, that is, com- 
pressing all the gas possible. If more pres- 
sure is required in the line extra wells are 
turned in, and if the unloading device is affect- 
ed by this, shortage of gas will occur at the 
consumption end. 

He thought that this regulator was well 
adapted to gas engine driven compressors, 
especially in’ starting, and also on account of 
the limited capacity of the gas engine for 
overload, but that it was not of very great ad- 
vantage in gas-pumping plants, as the changes 
in pressure are too great. When the field pres- 
sure drops the discharge drops also, giving 
about the same number of compressions. A 
large diameter compressor would be a disad- 
vantage as the speed would have to be re- 
duced so as not to exceed the economical num- 
ber of compressions, about 4.5. 

Frank Richards said that the device describ- 
ed could only be used in connection with obso- 
lete or obsolescent types of inlet and discharge 
valves. He said we have learned that poppet 
valves are by no means the best for air com- 
pressors. The poppet valve has considerable 
inertia, and moreover the resistance of a 
spring has to be overcome in opening it; oil 
gums its guides and the valve requires fre- 
quent examination and cleaning; it gives a 
more or less restricted and tortuous passage 
for the air, and this feature is accentuated 
when the air has to play back and forth for 
regulation purposes. With this valve, too, the 
pressure of the air within the cylinder is neces- 
sarily lower at the beginning of the compres- 
sion stroke than that outside. 

The Corliss inlet valve, wide open for nearly 
the entire stroke, and with large port area 
and a direct passage for the air into the cylin- 
der, gives a freer inrush to the air and a fuller 
pressure at the beginning of the compression 
stroke. 

The Rogler valve, which has replaced the 
poppet valve, annihilates its objectionable fea- 
tures without entailing others. This valve 
consists of a very thin steel plate covering 
concentric annular openings in the valve seat, 
and with a minute, free lift it gives the larg- 
est and freest passage for the air that has 
ever been realized. The Hall regulator can- 
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not be applied to either this or the Corliss 
valve. 

The regulation of a compressor should be 
accomplished without interference with its 
ordinary operation, and so it might be well 
that neither the inlet nor the discharge valves 
should be interferred with for this purpose. 
This may be secured by controlled changes 
of the cylinder clearance, an almost ideal mode 
of regulating the output from nothing to full 
delivery. It is possible mechanically to have 
an automatically pressure-adjusted changeable 
clearance for the air cylinder so large that at 
one extreme of its capacity a whole cylinder- 
ful of free air shall, when compressed up to 
receiver pressure, just fill this clearance space 
and none be expelled to the receiver. Then 
the compressor could run along continuously, 
and the air in the cylinder would be alternately 
compressed and re-expanded and no power 
expended. 

A partial reduction of this clearance space 
would compel an expulsion or delivery of a 
portion of the air, and the remainder would 
re-expand upon the return stroke the same as 
with the clearance of full capacity, but in the 
latter case at the end of the stroke a portion 
of free air would be taken in sufficient to 
replace the volume delivered, and so on. With 
this adjustable clearance reduced to its min- 
imum, the cylinder would be delivering its full 
charge of air, and its action would be en- 
tirely normal. 

Such a clearance control is not yet fully 
realized, but the four stage clearance controller 
already in extensive use gives highly satis- 
factory results in practice. The only expense 
it involves is its initial cost, as it requires no 
constant operating expense. 





EXHAUST STEAM ECONOMY IN A SHIPYARD 

At the plant of the Newport News Ship- 
building & Dry Dock Company, Newport 
News, Va., a 1400-kw. (1830 h. p.) De Laval 
low-pressure turbine, operating at 3000 r.p.m. 
drives two 700-kw. direct-current dynamos at 
500 r.p.m. The turbine is of the pressure stage 
type and receives the exhaust from air com- 
pressors and hydraulic pumps. exhausting in 
turn into a surface condenser. In this installa- 
tion the dynamos are mounted with their 
shafts parallel to each other, with the result 
that a compact arrangement of apparatus is 
secured and the pressures on the bearings and 
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gear teeth are reduced. The normal yard 
load of approximately 1000 kw. at 220 volts 
is regularly carried by the turbine-driven 
generators, while when pumping out a dry- 
dock the combined load of approximately 2300 
kw. is carried by connecting one of the original 
600-kw. engine-driven generators in a series 
with the turbo-generator, thus supplying ap- 
proximately 500 volts, for the two large motors 
in the dock pumphouse. In this way, it is 
pointed out, the economy of a turbo-generator 
set is secured for ordinary operation, and the 
existing engine-driven units are not discarded 
but are utilized as spares. 





EFFECT OF DIFFERENT PRESSURES AND 
TEMPERATURES IN OXYGEN CUTTING 


BY J. F. SPRINGER 

In connection with cutting iron and steel 
with an oxygen jet, the question arises wheth- 
er any considerable advantage would result 
from pre-heating the gas. In those types of 
cutting torches in which the cutting oxygen is 
surrounded by an oxy-acetylene flame, a cer- 
tain amount of pre-heating does take place. 
One should expect that such cutting torches 
would show a high degree of efficiency, and 
certain experiments carried out with the oxy- 
hydrogen cutting torch having separate jets 
and the oxy-acetylene cutting torch with a 
centrally arranged oxygen jet seem to justify 
this expectation. 

The steel experimented upon was an open- 
hearth plate having a thickness of 1.18 inches. 
It was found that the former type of torch re- 
quired 50 per cent. more oxygen than the lat- 
ter in burning out equal volumes of material 
from the cut. This difference is too great to 
assume that the whole of it is due to any dif- 
ference in effectiveness of the oxy-hydrogen 
and oxy-acetylene systems. It must be in 
part assigned, so it would seem, to the differ- 
ence in the arrangement of the jet of cutting 
oxygen. 

While the foregoing evidence is mainly sug- 
gestive, and by no means to be regarded as 
conclusive, it does prepare the mind for the 
results of other experiments where all the 
tests were carried out under the same sys- 
tem. Two comparative sets of experiments 
were tried, the type of torch in both cases. be- 
ing an oxy-acetylene instrument having a cen- 
trally arranged cutting jet. Whatever advan- 
tage may lie in the pre-heating of the cut: 
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ting oxygen due to this arrangement is com- 
mon to all the experiments. For the present, 
therefore, this is not to be regarded as pre- 
heating at all. In both sets of experiments, 
cuts were made where the cutting oxygen was 
specially pre-heated and others where it was 
left alone. 

In the first comparative set, we have seven 
cuts without and eight with pre-heating. The 
material was open-heart steel plate 1.18 
inches thick. The acetylene consumption was 
814 cubic feet per hour. The purity of the 
oxygen was 96.5 per cent; the pressure, about 
29% pounds per square inch. The results, 
with the oxygen not pre-heated, were as fol- 
lows: 


Time in 
Length of cut Time in’ minutes for 
in inches. seconds. I linear foot. 
25.0 220 1.76 
25.0 220 1.76 
22.0 195 1.77 
* 22.0 190 1.73 
22.5 188 1.67 
20.5 175 1.71 
: 17.0 155 1.82 
PATE. s ieldcdi os aeaes iy f= 


With the oxygen pre-heated, the following 
results were obtained: 


Time in 

Length of cut Time in minutes for 

in inches. seconds. 1 linear foot. 
19.5 140 1.44 
18.5 137 1.48 
17.5 125 1.43 
26.5 180 1.36 
18.5 135 1.46 
17.5 126 1.44 
16.5 120 1.45 
22.5 153 1.36 
PRTG 8 oicss ease ei as 0 1.43 


We have here a saving of 0.32 minutes per 
foot by pre-heating—or 18 per cent. In the 
experiments, several other cuts were made both 
with and without preheating; but have omit- 
ter them as the cuts produced were not normal 
ones. The record gives the average oxygen 
consumptions for the individual cuts of the 
two classes—those involving unheated and 
those involving heated oxygen—which include 
these abnormal cuts. 

SECOND SERIES OF TESTS. 

The foregoing results are confirmed by a 

second series of experiments, the type of torch 


7581 


remaining the same. The thickness of the 
plate was here 0.37 inch. The oxygen pres- 
sure for these thin sheets was reduced to about 
14.7 pounds per square inch. The acetylene 
pressure was such as to enable 1 foot to be 
cut with about 0.32 cubic feet of the gas. The 
purity of the oxygen was the same as before— 
96.5 per cent. The following table makes clear 
the results for the normal cuts, with “cold” 
oxygen: 


Time in 

Length of cut Time in minutes for 

in inches. minutes. 1 linear foot. 
39.4 2.42 0.74 
39.4 2.75 0.84 
30.4 2.67 0.81 
30.4 2.67 0.81 
30.4 2.50 0.76 
30.4 2.42 0.74 
39.4 2.58 0.79 
39.4 2.42 0.74 
30.4 2.33 0.71 
VOCAB is cciotis bere eloleaien 0.77 


With the oxygen pre-heated, the results are 
as follows: 


Time in 

Length of cut Time in minutes for 

in inches. minutes. 1 linear foot. 
39.4 2.05 0.63 
30.4 2.17 0.66 
30.4 2.05 0.63 
30.4 2.12 0.65 
30.4 257 0.66 
30.4 2.42 0.74 
30.4 2.18 0.66 
39.4 2.03 0.62 
30.4 2.42 0.74 
PROMI: Ase e 0.67 


The saving in time here amounts to 13 per 
cent. Omitting, as before, the cases of abnor- 
mal cuts and assuming the oxygen consump- 
tion to remain the same on the average, we 
have an oxygen consumption of 0.139 cubic 
feet per square inch of cut when the oxygen 
was not pre-heated, and of 0.118 cubic feet 
when the oxygen was pre-heated. That is, 
there was an actual saving of oxygen of 0.021 
cubic feet per square inch of cut—or 15 per 
cent. It should be borne in mind that any sav- 
ing of time means a saving of labor as well. 

Quite a number of experiments have been 
tried where the object in view was to gain in- 
formation regarding speed variations resulting 
from changes in the character of the heating 
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part of the flame. Open-hearth steel having a 
thickness of 1.18 inches was used. The torch 
was an oxy-hydrogen instrument having the 
heating jet separated from the cutting jet. 
The oxygen was 99 per cent. pure. The oxy- 
gen pressure was about 22 pounds per square 
inch. The hydrogen and oxygen were kept 
pretty closely to the ratio 4:1, but the pres- 
sures were varied. 

The results show that with low pressure the 
time required to effect the cutting was com- 
paratively large. As the pressures were in- 
creased, the time required per linear unit of 
cut diminished. The best results seem to have 
been obtained when the pressures were rather 
heavy and where the relative amount of hydro- 
gen fell off a little. With these cuts, the ratio 
of hydrogen and oxygen was in fact 15:4. The 
excellent results are, however, rather to be at- 
tributed to the heavy flame maintained. The 
five cuts were made not only more rapidly 
than with lesser pressures, but were apparent- 
ly finer examples of cutting. The following 
table gives details: 

Time in 


Length of cut Time in minutes for 


in inches. seconds. 1 linear foot. 
41.3 270 1.26 
41.3 270 1.26 
32.7 215 1.31 
31.5 185 1.17 
20.5 202 1.37 
Cn i eae + f 


Another series of six cuts was made with 
the same size and type of torch, but upon heav- 
ier steel—that is, upon plate 2.56 inches thick. 
The oxygen was, however, only 96.5 per cent. 
pure. The oxygen pressure was about 29.5 
pounds per square inch. The following table 
exhibits details: 

Time in 


Length of cut Time in minutes for 


in inches. seconds. I linear foot. 
6.7 75 2.24 
6.7 70 2.00 
6.7 72 2.15 
6.7 65 1.04 
6.7 70 2.09 
6.7 90 2.69 
ee ee are eee 2.20 


There results would seem to have been very 
good ones. The steel was more than twice as 
thick as in the preceding series of cuts and 
there must have been a greater proportionate 
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loss in getting under way because of the short 
run of only 6.7 inches. The hydrogen-oxygen 
ratio in the heating flame was here 35:8—or 
something in excess of 4:1, the regulation ra- 
tio. 
EFFECT OF PRESSURE OF CUTTING OXYGEN UPON 
SPEED 

One further question remains to be consid- 
ered. It is usual to employ a considerable pres- 
sure back of the cutting jet of oxygen. What 
advantage lies in a heavy pressure, and are there 
limits to the advantage, if such exists? These 
are important practical questions. Quite a 
number of experiments have been carried out 
whose results will help to their answer. In 
the following table, all except possibly the two 
lighter pressures represent groups of experi- 
ments. The average results are given. The 
oxygen used in these experiments was 99 per 
cent. pure. The plates were 1.18 inches thick. 
The torch was of the oxy-hydrogen type, and 
consumed in its heating jet 63.5 cubic feet of 
hydrogen per hour and 17 cubic feet of oxy- 


gen. It will be noted that this ratio 63.5:17 is 
a little short of 4:1. The tabular results fol- 
low: 
Pressure Length Time in 
of of Time minutes 
cutting. cut in in per linear 
oxygen. inches. seconds. foot of cut. 
7.1 26.0 330 2.54 
10.6 35.0 340 1.94 
24.8 25.3 2iI 1.69 
35:5 37-5 235 1.27 
49.7 41.7 236 1-53 


We see here that the speed of cutting in- 
creased steadily with the increase of pressure. 
However, the highest pressure produced a cut 
with the upper edge rounded. The pressure 
of 35.5 pounds seems to be about the proper 
maximum pressure to produce a perfect cut 
in the most rapid manner. It should be added 
that not only did the lower pressures corres- 
pond to slow cutting, but the work itself was 
faulty.—Jron Trade Review. 





NOTES 

There are over 7,000 miles of underground 
tunnels in the anthracite mines of Pennsyl- 
vania. The Philadelphia & Reading Coal & 
Iron Company has more than 800 miles of 
timbered gangways and drifts, and there is a 
total of 2,000 miles of these-underground ways 
in the Schuylkill region alone. 


















The ideal race track of the world is un- 
doubtedly at Salduro, Utah, 112 miles west of 
Salt Lake City, and here the world’s speed 
record has been made. The track is a level 
crystallized salt bed 65 miles long and 8 miles 
wide, the salt 98 per cent. pure, and on this 
surface an automobile made a mile in 25.2 sec- 
onds, or 142.85 per hour. 





The United States is by far the largest 
copper producer in the world; in fact, we 
produce more than all the rest of the world 
together. In 1845 the production was 224,000 
pounds; in 1913 it was 1,224,484,098 pounds. 
The total production of the United States 
from 1850 to 1913 was 18,857,476,910 pounds. 





The mine fire which has been burning at 
Summit Hill, Pa. for the last 62 years and 
which was believed to have been conquered, 
has broken out afresh. During the time thar 
this fire has been in progress, coal worth mil- 
lions of dollars has been burned, and great ex- 
pense has been incurred by the Lehigh Coal 
& Navigation Co. in fighting it, with now no 
prospect of success. 





A little known phase of the coal mining in- 
dustry is the use of expensive barometers at 
the principal collieries of all the big companies, 
especially where the mines are gaseous. When 
the atmospheric pressure is decreasing gas is 
released more easily, and the fire bosses all 
look at the barometers before going into the 
mines to make their morning inspections. 
When the barometer is going down they look 
and test with extra care for gas. 





The president of a large railway system 
says he could save $200 a car by buying freight 
cars now, which the railway can make good 
use of and will soon be in pressing need of. 
The inability or unwillingness of the directors 
to finance such a purchase will in all probabil- 
ty thus add 25 per cent. to the cost of the 
cars when they are finally ordered—Railway 
Review. 





The new French 4-inch gun for attack on 
aircraft has proved to be a very efficient weap- 
on. It fires a projectile weighing about 36 
pounds with a muzzle velocity of 1,870 feet 
per second. The sighting is by means of a 
panoramic glass and the gun-pointing is done 
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similarly to that of the well-known French 7.5 
gun. The carriage remains fixed, the gun re- 
coiling to a distance of I meter and returning 
to battery by means of compressed air. The 
weight of the piece in action with its armored 
screen is about 2% tons. 





The New Zealand authorities, according to 
Commerce Reports, have placed an order with 
the Baldwin Locomotive Works for 10 loco- 
motives of the first class, competitors for the 
contract being several English firms. The best 
English offer was that of the North British 
Company to complete 10 engines in 7 months 
at $23,262 each. The Baldwin offer was 10 
engines in 60 days at $15,714 each. 





In lowering a large steel storage tank to its 
foundation in a deep pit, Honolulu engineers 
built up a temporary resting place of blocks 
of ice, and then, after the structure had been 
properly centred, melted the ice uniformly with 
steam. The reservoir is 24 ft. in diameter, 
25 ft. high, weighs 14 tons, and has a ca- 
pacity of 80,000 gallons. 





It seems that the purchaser of anthracite 
coal at any time owes a cumulative debt to the 
mine for the entire period of its future opera- 
tion. It is computed that every ton of coal 
removed from the mines involves the removal 
of a ton of water every year thereafter. In 
1904, in Pennsylvania anthracite mines, there 
were 846 pumps underground, and in . 1914 
there were 929 pumps, besides water hoists. 
Water delivered at the surface in these years 
was 446,120 and 480,600 gallons per minute, 
respectively. 





LATEST U. S. PATENTS 


Full specifications and drawings of any pat- 
ent may be obtained by sending five cents (not 
stamps) to the Commissioner of Patents, 
Washington, D. C. 


FEBRUARY 2. 


1,126,732. VACUUM CLEANING-MACHINE. 
OrA DRAKE, Cleveland, Ohio 

1,126,799. PLUID-PRESSURE GENERATOR. 
JoHN F. LINDBERG, Hibbing, Minn 

1,126,831. MEANS FOR CONTROLLING THE 
INJECTION-AIR OF COMBUSTION-EN- 
penn | JAKOB MULLER, Winterthur, Swit- 
zerlan 

1,126, Sen DEVICE FOR AERATING LIQUIDS. 
HARRY VAUGHAN RUDSTON READ, London, Eng- 


11 36890, 
SHEEHAN, 


Joun J. 


PNEUMATIC HAMMER. 
Roanoke, Va. 
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1,126,940. VALVE FOR PERCUSSIVE ‘'OOLS. 
LEwis C. BAYLES, Easton, Pa. 
1,126,943-4. FLUID-OPERATED PERCUSSIVE 
OL. Lewis C. BayLes, Easton, Pa. 
KE-LOCK. ANDREW A. LINAM, 


, 
1,127,079. ATIR-COMPRESSOR. 

NIELSEN, Boston, Mass. 

1. An air compressor comprising a cylinder, 
means for affixing the same to a wheel, a piston 
for co-operating with said cylinder to: compress 
air, a crank connected to said piston to recipro- 
cate the same, means carried by the wheel for 
affording a bearing for said crank paralicl to the 
wheel axis, said crank being weighte1 so as to 
remain substantially in one position while the 
cylinder rotates with the wheel, and an air con- 
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duit for connecting the cylinder with a pneumatic 

tire on said wheel. 

1,127,128. SAFETY PRESSURE DEVICE. WIL- 
LIAM H. WALTER, New York, N. Y. 

1,127,140. APPAR: ATUS FOR DESICCATING 
HUMAN CORPSES. FRANK WETTERAUER, 
Erie, Pa., and GUSTAVE A. WEGNER, Rochester 
N. Y¥. 

1. In a mausoleum, the combination of a vault 
the surrounding walls of which are made air- 
tight, an opening to said vault, an air-tight clos- 
ure for said opening, a suction device operating 
to create a vacuum in said vault, means for op- 
erating the same, and pipe connections between 
said suction device and said vault substantially 
as and for the purpose described. 


1,127,225. DUST-COLLECTOR FOR ROCK 
DRILLS. EMMET F. GALLIGAN, Idaho Springs, 
Colo. 

1,127,237. ROTARY FLUID-BRAKE. -CHARLES 


R. HARRIS and RUTHERFORD G. GOLDMAN, Los 
Angeles, Cal. 

1,127,242. APPARATUS EMPLOYED IN THE 
REMOVAL OF DUST AND THE LIKE. WIL- 
LIAM GEORGE Hay, Prestwich, England. 

1,127,381. METHOD OF FORMING GLASS 
VACUUM- RECEPTACLES CLARENCE D. 
BYRNES, Sewickley, Pa. ° 


FEBRUARY 9. 
1,127,396. ROCK-DRILL. Gerorce R. BENNETT, 
Denver, Colo. 


1,127,419. APPARATUS FOR MODIFYING 
AIR. Wiiittam A. FAIRBURN, Short Hills, N. J. 
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1,127,420. APPARATUS FOR DEHYDRATING 
AIR. WItutiaM A. FAIRBURN, Short Hills, N. J, 
1,127,726. FLUID - PRESSURE - OPERATED 
EJECTOR. WILLIAM BUCKLEY, Chicago, Ill. 


1,127,823. RELIEF-VALVE FOR ROCK- 
—- THOMAS E. STURTEVANT, Dover, 
N. J. 

1,127,826. AIR-BRAKE VALVE. GEORGE S. 


Switzer, Grand Rapids, Mich. 

1,127,853. PROCESS OF AND APPARATUS 
FOR CRUSHING ORE. HANS. CHARLES BEHR, 
Scarsdale, N. Y. 

1,127,896. DUST-COLLECTOR FOR VACUUM- 
CLEANERS. WILLIAM H. KELLER, Philadel- 
phia, Pa. 

1,128,014. VEHICLE AIR-SPRING. RICHARD 
LIEBAU, Swissvale, Pa. 
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1,128,058. METALLIC COATING AND PRO- 
CESS OF MAKING SAME. Max ULRICH 
ScHoop, Hongg, near Zurich, Switzerland. 

1. The process of metallically plating or coat- 
ing articles, which comprises finely and uniform- 
ly subdividing a molten metal maintained under 
pressure, and projecting it upon the surface to 
be coated with sufficient force to produce a uni- 
form, non-porous welded coating. 

1,128,059. METHOD OF PLATING OR COAT- 
ING WITH METALLIC COATINGS. Max 
ULRIcH ScHoop, Hongg, near Zurich, Switzer- 


land. 
COMBINED HYDRAULIC MOTOR 


1,128,207. 
AND VACUUM-NOZZLE. NIckK E. WILMEsS, 
EMPLOYED ° FOR 


San Francisco, Cal. 
1,128,265. APPARATUS 
COMPRESSING lFERMENTATION-GASES. 
WITTEMANN, Lakewood, N. J., and 
RUDOLPH W. WITTEMANN, Brooklyn, N. Y. 


JACOB F. 
FEBRUARY 16. 


1,128,416. PNEUMATIC en ROBERT B. 
CRUMP, New York, N. 
1,128,428. MECH: A NIGAT. P aiden 
G. ELVIN, Somerville, N. J. 
1. In a mechanical stoker, the combination of 
a fuel receptacle adapted to be supported on a 
locomotive and to communicate with a firing 
opening in the firebox thereof, two fuel shovels 
mounted to swing horizontally in said receptacle, 
a fuel receiving hopper adapted to be supported 
on a locomotive tender below the fuel space 
thereof, a conveyer casing connected rigidly to 
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the fuel receptacle, and connected with the ca- 
pacity of relative movement to the fuel receiving 
hopper, a plunger working in said conveyer cas- 
ing, a fluid pressure motor actuating said plun- 
ger, and two fluid pressure motors, each actuat: 
ing one of said shovels. 


1,128,437. DUST-COLLECTOR FOR ROCK 
se rsagaaaee EMMET F. GALLIGAN, Idaho Springs, 
O10. 

1,128,455. PRESSURE-CONTROLLER FOR 
TIRES. Epwarp B. KEITH, Pontiac, Mich. 

1,128,487. SUCTION CLEANING-TOOL. RIcH- 


ARD H. Morrow, Waukegan, Ill. 
1,128,574. MILKING-MACHINE. GustTar HEN- 
RIK FABIAN BERGLUND, Stockholm, Sweden. 


i128,630 


1128949 
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1,128,615. GOVERNOR FOR VACUUM CLEAN- 
ING SYSTEMS. Avucustus Lotz, San Fran- 
cisco, Cal., and CLARENCE W. BAILEY, Philadel- 


phia, Pa. 

1,128,622. QUICK-ACTION RELEASE MECH- 
ANISM FOR AIR-BRAKES. SPENCER G. 
NEAL, Los Angeles, Cal. 

JoHN W. 


1,128,630. VACUUM-CLEANER. 
DUST-COLLECTOR FOR ROCK- 


Smi1TH, Chicago, Ill. 
1,128,674-5. 
EMMET F. GALLIGAN, Idaho Springs, 


DRILLS. 


Colo. 

1,128,697. METHOD OF ATOMIZING LIQUID 
COMPOSITIONS SUCH AS PAINT. FortTwu- 
NATO LEVY, Paris, France. 
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1,128,856. SPRAYING-MACHINE. CHARLES 
CoRNWALL and Davin J. Foutz, Salem, Ohio. 
1,128,932. AUTOMATIC TRAIN-STOP. FRrReEpD- 

ERICK GEORGE BASTIAN, Buffalo, N. Y. 
1,128,949. INSTRUMENT FOR’ MEASURING 
THE VELOCITY OF FLOW OF FLUIDS. 
HEINRICH CONTZEN, Dusseldorf, Germany. 
13,882. (Reissue.) PRESSURE-DRIVEN RE- 
CIPROCATING TOOL. ALEXANER PALMROS, 
Syracuse, N. Y. 


FEBRUARY 23. 
1,129,174. SUCTION-CLEANER, MatTILpa DEN- 


Nis. Clifton Hill, Melbourne, Victoria, Aus- 
tralia. 
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service tank, an air supply tank, means for de- 
livering water to said tanks, means for trans- 
ferring the water from the air tank to the ser- 
vice tank to create a vacuum in and draw air 
into the air tank, and means for retransferring 

water from the service to the air tank to force 
the contained air from the latter into the former 
tank and to subsequently return the water from 
the air to the service tank, whereby the air in 
the service tank will be brought under compres- 


sion 
1,129, 347. FLUID-OPERATED DRILLING- 
“MACHINE Louis W. GREVE, Cleveland, Ohio. 
129,362. AUTOMATIC PNEUMATIC PUMP. 
THOMAS E. RypeEr. St. John, New Brunswick, 


Canada. 








1,429,362 
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1,129,267. PORTABLE PNEUMATIC STAY: 
BOLT CUTTER. ARCHIE M. BarrpD, Topeka, 


ns. 

1,129,268. AIR-TIGHT-SURFACE-FORMING 
COMPOUND. HENRI LIVINGSTON’~ BATES, 
Springfield, Mass. 

A water proofing compound consisting of par- 
affin, one pound, spermaceti, two ounces, vasce- 
line, three ounces, cottonseed oil, three ounces, 
powdered alum, two ounces, powdered rosin, two 
ounces and baking soda, one ounce, said paraffin, 
alum, rosin and soda together with the vasce- 
line and cotton seed oil constituting a flexible 
filling for the openings in a piece of fabric, and 
also acting as a covering for the fabric to rén- 
der the same air-proof. 

1,129,274. VACUUM. CLEANER. GEORGE CLE- 
MENTS, Chicago, IIl. 

1,129,308. TRAIN-PIPE CONNECTION. 
C. MartTIN, Jr., San Francisco, Cal. 

1,129,318-9. FLUID-PRESSURE BRAKE. WAL- 

TER V. TURNER, Wilkinsburg, Pa. 

1,129,323. COMBINED AUTOMATIC TRAIN- 
PIPE AND CAR COUPLING MECHANISM. 
GEORGE WESTINGHOUSE, Pittsburgh, Pa. 

1,129,334. HYDROPNEUMATIC WATER SYS- 
TEM. OWEN C. Cover, Goshen, Ind. 

1. In a hydro-pneumatic water system, a main 


JESSE 


1,129,420. TOOL-ACTUATING DEVICE. THom- 
AS OFFICER, Claremont, a. 

1. In an apparatus for reciprocating an im- 
pact member such as a percussive tool or the 
like, the combination with a reciprocating driv- 
ing element of an outer cylinder and an inner 
piston-cylinder movable within the same, a pis- 
ton movable within said piston-cylinder, said pis- 
ton and piston-cylinder constituting cooperating 
driving and driven parts connected one to the 
reciprocating driving element, and the other to 
the tool or other impact member, and means 
whereby the movement of the one causes a trans- 
ference of fluid from outside of the piston-cylin- 
der to within the same, and vice versa, such 
transference causing the consequent movement 
of the other member. 

1,129,450. TIRE-PRESSURE GAGE. RosBErt A. 
CAMPBELL, Minneapolis, Minn. 

1,129,477. APPARATUS FOR CONDENSING 
AMMONIA FROM A GASEOUS TO A LIQUID 
STATE. Horace C. GARDNER, Chicago, IIl. 

1,129,619. INHALING SYSTEM. GuSsTAVE A. 
ZAPF, New York, N. Y. 

1,129,661. PNEUMATIC STARTER FOR IN- 
TERNAL-COMBUSTION ENGINES. G5EoRGE 
A. GEMMER, Detroit, Mich. 

1,129,768. AIR-GOVERNOR. CHARLES TROJOV- 
sky, Norway, Iowa. 
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Cooper Gas Engine Driven Compressors 


Insure 
Cheap Air 


Dependable Service 





The unit shown here 
delivers 1,740 cu. ft. of air 
per minute at 100 lbs. 
pressure. It has been in 
operation 22 hours per day 
for two years without los- 
ing a minute for adjust- 
ment or repairs. 


Single Tandem Double-acting Cooper Gas Engine, driving Write for Bulletin No. 54 
cross connected Air Compressor Cylinders, in the power 
plant of The Ralston Steel Car Company, Columbus, Ohio 


THE C. & G. COOPER COMPANY, "ji" 


showing recent installations 














National 
Air Compressors 


WITH AUTOMATIC CONTROL 


For Industrial Service 


embody the latest features in design and 
are absolutely reliable and most eco- 
nomical. They are ruggedly built to 
withstand hard usage under the most 
severe service conditions and require but lit- 
tle attention after being properly installed. 
Only materials of the Highest Quality, ac- 
curately machined by skilled mechanics, enter 
into their construction. Built in capacities 
from 11 to 550 Cu. Ft. of free air per minute. 


Illustrated and described in Catalogs S400—S 401 
Sales Offices Write our nearest Sales Office for copies today. 


New York. City Investing Building _ National Brake & Electric Co. 
....Railway Exchange Buildine Works at 


Los Angeles. Pacific Eiectric Building Mil “ w 
Pittsburgh Westinghouse Buiiding . U.S.A 
St. Louis. . Security Building signin 
Mexico City.. . ..-4 a. Puento de Alvarado No. 100 

London, England.. =e 14 Great Smith Street 
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“Chicago Pneumatic” Fuel Oil Driven Air Compressors 


200 cubic feet of free air per minute delivered at 100 pounds pressure 
at a power cost of 9 cents per hour. 


Direct Connected, 
Self-Contained, 
Self-Oiling, 
Self-Regulat ed 





Will run on 
Crude Oil, Fuel 
Oil, Engine Dis- 
tillate, Kero- 





HAS 


Valveless Two- 
Cycle Power 
Cylinder. 

Governed Fuel In- 
jection. 

Hot Plate Ignition. 

Crosshead Con- 
struction. 

Perfect Scavenging 

Rugged Enclosed 
Framed. 

Balanced Cranks 





sene, Solar Oil HAS NO 
or Gasoline. -SO ‘ Chi ic”? Al 
Type N-SO Chicago Pneumatic’? Air Compressor. Valves, 
Carburetor 
Four sizes—70 to 300 cubic ft. per minute free air capacity. : ; 
Send for Bulletin Magneto 


Stationary, Skid Mounted (Semi-Portable, or 
34-K. Mounted for Field Work. 


1027 Fisher Bldg. Chicago Pneumatic Tool Co. 


Chicago AGENCIES AND BRANCHES EVERYWHEKE 


Truck or other Electric 


Firing Devices. 


50 Church Street 
New York 








THE BURY 3-CYLINDER 
VARIABLE VOLUME AIR COMPRESSOR 
PATENTED 


JEWETT 


24-26 Stone St., New York 


Automatically Prevents Waste Compres- 
sion. Saves Power. 





Making new World’s Record. We can 
Save you money. All types. All sizes. 
To meet all engineering requirements. 


Duplex Type Variable Volume. Patented. 








SPECIALISTS IN 
WASH AND LINE DRAWINGS 








Photo Retouching of 
MECHANICAL SUBJECTS 


HALF TONES ZINC ETCHINGS 


ii 
», 


Write for proposition with our guarantee. 





BURY COMPRESSOR C0O., ERIE, PA. 
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